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EFFECT  OF  ACETYLCHOLINE  AND  HISTANIMB  ON  TONUS  OF 
XNTBACBANI AL  AND  EXTRACRANIAL  VESSELS,  THE  YOLUHE  RATE  OF 
CEBEBRAL  BLOOD  CIRCULATION  AND  OXYGEN  TENSION  IN  BRAIN 
TISSUE 

R.  D-  Gayevyy,  S.  P.  Trofiaenko 

Departaent  of  Phacaacology  (K.  0.  or alba yew,  Director), 

Medical  Institute,  Seaipalat insk 

ABSTRACT  The  effect  of  various  doses  of  acetylcholine 

and  histaaine  on  the  blood  circulation  of  the  brain  was 
studied  in  acute  experiaents  on  86  anesthetized  cats  under 
controlled  breathing*  using  the  technique  ef  resistography# 
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rheo«ncephalograph  y,  and  registration  of  the  voluaetric  rate 
of  cerebral  blood  flow  and  oxygen  tension  in  brain  tissues 
by  aeans  of  the  polarographic  net  hod. 

The  resalts  of  the  experisents  show  that  acetylcholine 
and  histaaine  with  intravenous  and  intracarotid  injection 
reduce  the  tonus  of  the  intracranial  and  extracranial 
vessels  and  that  the  reaction  of  the  latter  is  wore 
pronounced.  The  voluaetric  rate  of  cerebral  blood  flow  in 
the  case  of  stabilized  arterial  pressure  increased  under  the 
influence  of  the  studied  preparations.  In  the  case  of 
unstabilized  pressure,  blood  flow  depended  to  a certain 
extent  on  total  arterial  pressure,  which  always  dropped  in 
the  case  of  intravenous  injection  of  the  indicated 
preparations.  Oxygen  tension  in  the  brain  tissue  generally 
changed  parallel  to  blood  flow.  BHD  ABSTBACT 


A nunber  of  published  reports  [1,  8,  9,  11,  12-1 9] 

have  been  dedicated  to  the  role  of  acetylcholine  in 
neuroreflector  regulation  of  the  tonus  of  the  cranial 
vessels  under  standard  and  pathological  states.  Soae 
researchers  also  regard  histaaine  as  one  factor  in  the 
neuroendocrine  regulation  of  vascular  tonus.  The  literature 
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on  this  problen  is  expounded  in  great  detail  in  the 
nonograph  by  T.  I.  ospenskiy  [18].  The  author  also 
introduces  data  on  the  functional  relationship  between  the 
nediators  of  the  neural  systea  and  histaaine. 

At  the  sane  tine  we  encounter  clinical  studies,  whose 
authors  [ 15,  30]  ascribe  great  significance  to  histaaine  and 

the  developaent  of  disturbances  in  cerebral  blood 
circulation,  acconpanied  by  headaches.  Conseguently,  study  of 
the  effect  of  acetylcholine  and  histaaine  on  the  vessels  of 
the  brain  is  not  only  theoretical,  but  also  a practical 
problen.  However,  the  effect  of  these  biologically  active 
anines  on  cerebral  blood  circulation  has  not  been  thoroughly 
studied,  and  the  results  of  studies  are  often  contradictory, 
particularly  with  respect  to  the  histaaine  [3,  8,  17,  22, 

23,  26],  which  lead  us  to  the  present  study.  He  thought 

it  would  be  interesting  to  conpare  the  effect  of  histaaine 
and  acetylcholine  on  the  tonus  of  the  intracranial  and 
extracranial  vessels  proceeding  fron  the  following  ideas. 

The  extracranial  vessels  of  the  head  have  a close 
relationship  to  the  intracranial,  both  fron  the  standpoint 
of  anatoay  and  function.  There  exists  a hypothesis, 
according  to  which  the  anount  of  blood  entering  the  brain 


i 
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is  controlled  by  active  change  in  the  passage  of 
extracranial  vessels  [13].  Experimental  data  [8,  27,  28  ] 

indicate  that  the  reaction  of  the  extracranial  vessels  of 
the  head  under  the  influence  of  various  agents  nay  differ 
froa  the  reaction  of  the  intracranial  vessels  both 
gualitatively  and  quantitatively.  Soae  authors  [29]  believe 
that  vascular  headaches  nay  arise  as  the  result  of 
overextension  of  each  pulse  wave  of  the  external  arteries 
of  the  head  (teaples,  back  of  the  head). 


Technique 

Acute  experinents  were  conducted  on  86  cats  weighing 
2-3.5  kg  under  chloraloso  (0.04  g/kg) -urethane  (0.6  g/kg) 
anesthetic. 


To  speed  up  the  onset  of  anesthesia  and  suppress 
aggressiveness,  the  aninals.  were  first  given  hexenal 
in tra-abdo sinal ly  (0. 1 g) . The  reaction  of  the  vessels  to 
the  studied  substances  was  studied  by  the  wet hod  of 
resistography,  rheoencephalography,  and  registration  of  the 
volnaetric  rate  of  cerebral  blood  flow  under  conditions  of 
stabilised  and  unstabilized  perfusive  blood  pressure.  In 
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studying  vascular  tonus  by  the  nethod  of  autoperfusion,  it 
was  very  inportant  to  ligate  the  vessels  in  order  to 
eliniaate  anastoaoses  between  the  intracranial  and 
extracranial  vascular  basins  and  elininate  collatoral  blood 
supply  to  the  perfused  region.  For  this  purpose  aany 
authors  ([10,  16]  and  others)  in  experiaents  on  cats  ligate 

all  branches  of  the  outer  carotic  arteries  on  both  sides, 

retaining  intact  only  the  branches  of  the  intraaaxillar y 
arteries,  which  in  cats  serve  the  functicn  of  reduced 
internal  carotic  arteries.  Also  ligated  is  the  naia  artery 

at  the  base  of  the  brain.  This  nethod  of  ligation  of 

vessels  is  aore  successful  in  studying  the  vascular  tonus 

of  the  brain,  and  perfusion  through  both  outer  carotic 
arteries  under  these  conditions  reflects  the  change  in 
resistance  of  the  vessels  of  the  brain,  with  the  exception 
of  the  aedulla  oblongata  and  the  back  third  of  the  pons 
varolii. 

He  use  this  nethod  of  ligating  the  vessels  with 
certain  variations  for  parallel  perfusion  of  the 
intracerebral  and  extracerebral  vessels.  Thus,  on  one  side 
all  branches  of  the  carotic  artery  were  ligated,  leaving 


intact 

only 

the  branches 

of 

the  internal 

auxiliary 

artery 

feeding 

the 

brain  (Fig. 

1A). 

Ligated  on 

the  other 

side 
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the  external  carotic  artery  past  the  point  where  the 
extracranial  branches  (ayogenic  branches*  lingual  artery* 
etc.)  branch  off  fron  it.  The  vessels  were  perfused  by 
weans  of  a two-channel  resistograph  [18].  One  channel  of 
the  resistograph  was  connected  to  a T-joint  (Pig.  1A,  4) 


perfusion 

of 

the  intracranial 

vessels;  the 

other  - 

to 

cannula 

(Fig. 

1 A*  3)  of  the 

extracranial 

vesse Is. 

The 

coiaon  inlet  of  the  perfusion  channels  was  connected  to  the 
central  ring  of  one  of  the  coawon  carotic  arteries. 

Generally  ligation  of  the  branches  of  the  arteries  supplying 
soft  tissues  of  the  head  (auscles*  shin)  involves  no 
difficulty*  particularly,  for  large  cats  weighing  3-4  kg,  in 

which  the  vessels  are  easily  prepared.  It  is  wore  difficult 
to  ligate  the  wain  artery  at  the  base  of  the  brain.  N. 

Hw  Byzhova  offered  soae  very  good  advice  on  access  to  this 
artery  and  a wore  convenient  way  of  selecting  a site  for 
its  ligation.  Be  are  very  indebted  to  her. 

It  should  be  aentioned  that  this  operation  is  rather 
difficult  and  trauaatic*  and  we  were  not  always  able  to 

find  the  wain  artery.  Apparently  there  arc  cases  of  its 
atypical  location  in  cats.  Therefore*  in  soae  experiaents* 
instead  of  the  sain  artery*  we  ligated  the  vertebral 

arteries  at  the  place  where  they  enter  the  saae  canal.  The 
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fact  that  such  ligation  does  satisfactorily  separate  the 
perfused  region  froa  the  general  arterial  bed  is  well 


illustrated 

in 

Pig. 

IB, 

where  wc  see 

that 

when  blood 

ceases 

to 

enter 

the 

perfused  vascular 

basins 

s,  there  is  a 

sudden 

pressure 

drop 

in 

the  systen  of 

the 

intracranial 

vessels 

of 

froa 

96 

to 

30  an  Hg  and 

fron 

80  to  14  an  Hg 

in  the  systen  of  extracranial  arteries.  Within  approximately 
30  seconds  we  noticed  a certain  tendency  toward  increased 
pressure  in  the  systen  of  intracranial  vessels.  This 
indicates  that  when  the  access  of  the  blcod  to  the  brain 
is  cat  off  along  the  carotic  arteries  the  connection 
between  the  carotid  basin  and  the  vertebral  arteries  through 
the  circulus  variolii  reaains  intact.  When,  however,  against 
this  background  the  vertebral  arteries  were  ligated  on  both 
sides,  pressure  in  the  systen  of  intracranial  vessels 
dropped  to  8 *a  Hg,  i.e.,  to  a level  close  to  zero.  He 
observed  a sinilar  pattern  in  other  experinents.  These  data 
convincingly  demonstrate  that  ligation  of  the  vertebral 
arteries  is  also  a fairly  reliable  aethod  of  isolating  the 
perfused  region  fron  the  general  arterial  systen  of  the 
asinal.  When  pressure  in  the  carotic  arteries  drops,  we 
note  a certain  increase  in  total  arterial  pressure,  which 
can  be  explained  by  a reflex  fron  the  aechano  receptors  of 
the  carotid  sinuses.  When  the  vertebral  arteries  were 


I 
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ligated,  a very  pronounced  increase  in  arterial  pressure 
also  developed.  Apparently  this  reaction  is  in  response  to 
anoxia  of  the  brain  centers.  The  increase  in  arterial 
pressure  with  anoxia  of  the  brain  is  indicated  by  other 

published  data  [9]. 

In  control  experiments  it  was  also  established  that 

under  the  conditions  of  the  ligation  of  vessels  described 
above,  total  separation  of  the  perfused  vascular 
(intracranial  and  extracranial)  basins  is  achieved. 

Confiraation  of  this  is  provided  fcy  experiaents  in  which 

self-hardening  plastics  (protacryl)  of  different  colors  were 
poured  separately  into  the  systen  of  intracranial  and 

extracranial  vessels.  Here  only  the  appropriate  vascular 
basin  was  filled.  The  plastic  did  not  flow  fron  one 
vascular  basin  to  the  other. 

In  separate  series  of  experinents  the  volueetric  rate 
of  cerebral  blood  flow  was  neasured  by  neans  of  a flow 
neter  [4,  5],  which  was  connected  by  cannulas  to  the 
carotic  arteries.  The  inlet  of  the  flow  aeter  was  connected 

to  the  thoracic  end  of  the  general  carotic  artery,  the 

outlet  - through  a T-joint  to  the  general  outer  carotic 

arteries.  Here  the  appropriate  vessels  were  also  ligated  by 
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the  method  described  in  [10,  16].  In  experiments  with 

stabilization  of  perfusion  pressure  a regional  arterial 
pressure  stabilizer  was  attached  to  the  flow  aeter  [7]. 

Used  in  addition  to  the  aethods  of  autoperfusion  of 
the  cranial  vessels  in  these  experiments  was  rheography  of 
the  craniua.  Rheoencephalograms  were  taken  of  anesthetized 
animals  under  controlled  breathing  with  an  orbital-occipital 

lead  using  rheographic  attachment  RGl-01,  attached  to  a 

two-channel  electrocardiograph.  Registered  along  with  the  REG 
were  EKG  with  a standard  II  lead.  The  recording  was  done 

at  the  moment  that  the  artificial  respiration  apparatus  was 

turned  off  for  a short  tine  (4-5  s)  [6]. 

Oxygen  tension  in  the  brain  tissues  was  studied  by  the 

pelarographic  method  and  registered  by  means  of  an 

cxyhenograph  [2].  The  cathode  was  an  amalgamated  copper 
electrode,  which  was  inserted  to  a depth  of  2-3  mm  into 

the  parietal  portion  of  the  cerebral  cortex. 

Total  arterial  pressure  (in  the  general  carotic  or 


i 


femoral  artery)  and  perfusion  pressure  (at  the  output  of 
the  perfusion  pumps)  were  registered  by  a mercury  nanometer 
on  a chenograph  tape.  To  prevent  coagulation  of  the  blood 
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the  aniaals  were  adainistered  heparin  intravenously. 


In  all  experiaents  the  original  values  of  blood 


pressure 

and 

blood 

flow 

were  recorded  along  with  the 

change 

in  then 

after 

the 

preparations  had 

been  introduced. 

Initial 

data  averaged 

froa 

all 

observations 

were  coapiled  for 

a 

systeaic  arterial  pressure  of  94.7  t 3 aa  Hg;  for 
perfusion  pressure  in  the  systea  of  intracranial  vessels  - 
95.4  +,3.3  an  Hg;  for  perfusion  pressure  in  the  systea  of 

extracranial  vessels  96.6  X 4.6  aa  Hg;  for  the  voluae  rate 
of  brain  blood  flow  18.9  x 0.7  a t of  blood  per  1 ain. 
Presented  in  the  text  are  averaged  data  in  percentage  of 
the  initial  level,  obtained  froa  statistical  processing  of 
each  series  of  experiaents  (period  of  aost  pronounced  effect 
coapared  with  original  level). 


Results  of  Study 

Acetylcholine.  In  experiaents  with  resistography  the 
intravenous  injection  of  acetylcholine  in  doses  of  2-3  pg/kg 
(7  experiaents)  caused  a short-tern  (about  3-ainute) 
reduction  in  the  tonus  of  the  intracranial  vessels  by  24  ± 
(p  < 0. 1 ®/0)  and  by  30  x.  2. 1®/„  (p  < 0. 1 ®/„)  in 
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the  extracranial  vessels  for  about  5 ainutes.  The  effect  is 
aost  pronounced  in  the  first  ainute  after  injection  of  the 
preparation.  Total  arterial  pressure  dropped  by  45  ± 1 . 8°/o 

(p  < 0. 1 °/0|  iaaediately  after  the  injection  of  the 

acetylcholine,  and  within  4-5  ainutes  returned  to  its 
original  level. 

Intravenous  injection  of  acetylcholine  in  doses  of  5-6 
1'9/kg  (6  experiaents)  caused  a reduction  cf  25  +.  0.9  Vo  (P 

< 0.1  Vo)  in  the  tonus  of  the  intracranial  vessels  and  of 

27  ♦ 2.9Vo  (P  < 0.1o/o)  in  the  extracranial.  The  recovery 

of  tonus  to  the  original  level  occurred  within  5-7  ainutes, 
respectively,  after  injection  of  the  preparation.  Total 
arterial  pressure  in  this  case  dropped  by  58  ± 4. 1°/Q  (p 

< 0. 1 °/o) , and  gradually  return  to  the  original  level 
within  10  ainutes  on  the  average.  Consequently,  an  increase 
in  the  dose  of  acetylcholine  affected  priaarily  the  level 
of  total  arterial  pressure  and  the  duration  of  the  effect. 

According  to  the  data  of  the  rheoencephalograa, 
intravenous  injection  of  acetylcholine  in  doses  of  2-3  pg/kg 
(6  experiaents)  caused  an  increase  of  132  ± 36V0  (P  < 

0. 1°/o)  in  the  aaplitude  of  the  rheographic  wave  and  a 
drop  of  53  ± 4. 6°/0  fp  < 0.1  Vo)  in  total  arterial 
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pressure.  The  effect  was  apparent  ianediately  after  injection 
of  the  preparation*  and  within  3-5  Minutes  the  amplitude  of 
the  REG  and  arterial  pressure  returned  to  their  original 
values.  Besides  the  increase  in  the  amplitude  of  the  REG* 
in  certain  experiaents  a sharpening  of  the  peak  of  the 
rheographic  wave  was  observed*  provided  it  had  been  saoothed 

prior  to  injection  of  the  preparation*  along  with  a 
deepening  and  a downward  shift  in  the  dicrotic  dip.  Such 
changes  in  the  REG*  according  to  the  data  of  [21]* 

indicate  a decrease  in  the  tonus  of  the  vessels  in  the 
brain  and  an  increase  in  their  filling.  Figure  2 (A*  B) 
shows  the  effect  of  the  acetylcholine  on  the  tonus  of  the 

cranial  vessels  and  the  total  arterial  pressure. 


In  experiaents 

in  which  the 

voluae 

rate 

of 

blood  flow 

Measured  under 

nonstabilized 

pressure 

in 

the 

aa  xillary 

arteries,  the  intravenous  injection  of  acetylcholine  in  doses 
of  3-5  pg/kg  (7  experiaents)  caused  blood  flow  to  decrease 
by  40  ♦_  3.9°/o  (p  < 0. 1°/0).  This  decrease  in  the  blood 
flow  occurred  ianediately  after  the  injection  of  the 


preparation 

and  coincided 

with 

the 

aore 

pronounced 

deer ease 

in  total  arterial 

(by 

54 

± 4. 

6#/eS  P 

< 

0.1%,)- 

lithia  4-6 

ainutea 

the  blood 

flow 

and 

arterial 

pressure 

returned  to 

their 

original 

valae 

(Fig. 

3A). 
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Parallel  with  the 

decrease  in 

bicod 

flow 

i*  oxygen 

tension 

in  the  brain 

tissues  fell 

by 

28 

2.5o/a  (P  < 

0.  1*/e>  - 

Consequently, 

the  decrease 

in 

total 

arterial 

pressure  under  the  influence  of  the  acetylene  leads  to  a 
decrease  in  the  voluae  rate  of  blood  flow  and  oxygen 
tension  in  the  brain  tissues,  despite  the  significant 
decrease  in  the  tonus  of  the  vessels  of  the  brain  under 
the  influence  of  the  preparation. 

In  the  case  of  stabilized  pressure  in  the  carotic 
arteries  intravenous  injection  of  the  sane  doses  of 

acetylcholine  (6  experiaents)  caused  blood  flow  to  increase 
by  28  ±.  7.6o/„  (p  * 0.1®/,).  This  increased  blood  flow 

was  nore  pronounced  in  the  first  and  second  ainutes  after 

injection  of  the  preparation*  and  subsequently  returned  to 
the  original  values  within  an  average  of  5 ninutes.  Total 

arterial  pressure  in  these  experiaents  dropped  by  49  ± 

2-6®/o  (p  < 0.1°/o)  (Pig-  3B) . Parallel  with  the  increase 

in  blood  flow  was  an  increase  in  oxygen  tension  in  the 
brain  tissues.  The  greatest  increase  in  P0t  occurred  in  the 
second  ainute  after  injection  of  the  preparation  (this  was 

on  the  average  of  16  J-  3.7®/0  (p  » 0.2®/o).  Thereafter 
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PO  2 gradually  decreased,  and  within  8 ainutes  it  had 
returned  to  its  original  values. 

Histaaine  . Be  note  froa  the  resistographic  data  that 


intravenous 

injection 

of 

histaaine  in 

doses  of  10 

pg/kg  (8 

experiaents) 

caused  a 

decrease  in  the 

tonus  of  the 

intracranial 

vessels 

of 

20  ± 2.4®/o 

(P  < 0. 1°/0) 

and  26  ♦ 

8-3®/.  (p 

= 0.  9 °/0i 

in 

the  extracranial  vessels.  The  effect 

developed  iaaediately 

after  injection 

of  the  preparation,  was 

aost  pronounced  in  the 

first  ainute. 

and  continued 

for  an 

average  of 

8 ainutes 

• 

Total  arterial 

pressure  after 

injection  of  the  preparation  dropped  by  20  ♦,  2.7®/„  (p  < 
0.1°/e)«  and  within  5-6  ainutes  returned  to  the  original 
level  (Fig.  4A) . 

According  to  rheoencephalographic  data,  histaaine  in 
doses  of  10  pg/kg  (6  experiments)  iaaediately  after 
intravenous  injection,  caused  the  aaplitude  of  the 
rheographic  wave  to  increase  by  129  ♦_  20®/  0 (p  < 0.1  °/0) 
on  the  average  (Fig.  4B).  Here,  ia  soae  experiaents,  a 
sharpening  in  the  peak  of  the  rheographic  wave  was  noted, 
if  it  had  been  saooth  prior  to  the  injection.  Also  noted 
was  a deepening  and  downward  shift  in  the  presystolic  dip, 
which,  according  to  the  data  of  [21],  indicates  a pressure 
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increase  in  the  venous  systen  of  the  brain  and  congestion 
of  the  venous  blood.  These  changes  in  the  aaplitude  and 
shape  of  the  rheographic  wave  were  brief,  and  within  3-5 
ainutes  after  injection  of  the  histaaine  the  original 
pattern  had  returned  coapletely.  With  further  observation  in 
the  three  experiaents  no  changes  in  the  rheographic  wave 
were  observed  to  the  end  of  the  experiaent  (30-40  ainutes). 
In  the  reaaining  experiaents,  after  an  initial  increase  in 
the  aaplitude  of  the  BEG,  there  developed  a gradual 
decrease  in  anplitude  - 33°/o  on  the  average  - as  coapared 

to  the  original  value.  This  second  phase  lasted  froa  5 to 
10  ainutes. 

In  studying  the  volune  rate  of  blood  flow  in  the 

brain  in  experiaents  without  pressure;  stabilization  in  the 

| 

carotic  arteries,  intravenous  injection  of  the  histaaine  in 
doses  of  5 pg/kg  (6  experiaents)  caused  a short-tera  (up 
to  1 ainute)  decrease  of  27  ♦_  2.40/o  (p  < o.  l)  in 

blood  flow  iaaediately  after  injection  of  the  preparation. 
This  deceleration  in  the  blood  flow  coincided  with  the  aost 
pronounced  drop  in  total  arterial  pressure  - by  35  ± 6°/o 

on  the  average  (p  < 0.1).,  By  the  beginning  of  the 

second  ainute  the  blood  flow  rapidly  increased,  and 
generally  exceeded  the  original  values  by  34  i 11°/*  (p  * 
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3).  Arterial  pressure  during  this  tise  returned  to  its 
original  level,  and  in  soae  experiments  even  exceeded  it. 

By  the  fourth  or  fifth  ainute  blood  flow  and  arterial 
pressure  differed  little  froa  the  original  values. 

In  the  case  of  intravenous  injection  of  histaaine  in 
doses  of  10  pgfkg  (6  experiments)  the  nature  of  the 
changes  in  blood  flow  and  arterial  pressure  eas  the  sane 
as  for  doses  of  5 pg/kg,  except  that  the  effect  was  aore 
prolonged  (Fig.  5A).  Under  conditions  of  stabilized  pressure 
in  the  carotic  arteries,  intravenous  injection  of  histaaine 
in  doses  of  5 pg/kg  (7  experiments)  caused  a 45'  x 7.10/o 
(p  < 0.1  Vo)  increase  in  blood  flow^  The  effect  was  felt 
iaaediately  after  the  injection  of  the  preparation,  was  most 
pronounced  for  the  first  and  second  minutes,  and  continued 
for  about  5 minutes.  Thereafter  statistically  unreliable 
deviations  in  blood  flow  froa  the  original  values  were 
observed.  Hhen  histanine  was  injected  in  doses  of  ‘10  pg/kg 
(8  experiaents)  intravenously,  blood  flow  increased  by  53  x 
16.4«/0  (p  » 0.8).  The  effect  developed  iaaediately  after 
injection  of  the  preparation  and  continued  5-7  minutes, 
after  which  the  second  phase  - deceleration  of  the  blood 
flow  by  15  ± 2.5®/0  (p  < 0.  1V0)  “ developed  and  lasted 

up  to  15-20  ainutes  (Fig.  5B) • Since  pressure  in  the 
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carotic  arteries  was  stabilized*  this  deceleration  in  blood 
flow  was  apparently  caused  by  narrowing  of  the  perfused 
vessels.  A siailar  phase  of  deceleration  in  the  blood  flow 
after  an  initial  acceleration  was  soaetiaes  observed  in 
ezperiaents  with  lower  doses  of  histaaine  (5  pg/kg)  * 
although  it  was  not  as  pronounced. 

Study  of  oxygen  tension  in  brain  tissues  under 
stabilized  arterial  pressure  showed  that  intravenous  injection 
of  histaaine  in  doses  of  10  pg/kg  (6  ezperiaents)  first 

caused  a short-tera  (up  to  first  ainute)  decrease  in  PO* 
by  7 i 3°/o  (P  = 7«/0) . Thereafter*  in  aost  ezperiaents 
there  developed  a aore  prolonged  (5-8  Minutes)  increase  in 
POa  by  6-30®/o«  This  two-phase  change  in  PO*  is  reainiscent 
of  the  nature  of  changes  in  blood  flow  under  conditions  of 

unstabilized  arterial  pressure  and*  apparently  blood  flow  did 


play 

a substantial  role 

in 

the 

PO, 

changes.  Evidence  of 

this 

can  also  be  found 

in 

the 

data 

of  research  bn  PO*  in 

the  brain  under  conditions  of  stabilized  arterial  pressure 
(3  ezperiaents).  Here  PO*  increased  by  27-46°/e  froa  the 
original  values*  and  there  was  no  phase  of  decrease  in 
PO,. 
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Discussion  of  Results 

The  study  which  we  conducted  showed  that  the  decrease 
in  tonus  of  the  cranial  vessels  under  the  influence  of 

acetylcholine  and  histaeine  generally  occurred  in  parallel 
with  a decrease  in  total  arterial  pressure,  fe  know  that  a 

sudden  drop  in  total  arterial  pressure  causes  a decrease  in 
the  tonus  of  the  cranial  vessels,  regardless  of  the  factor 
responsible  for  the  general  hypotension.  Censeguently , when 

hypotensive  agents  are  introduced  into  the  organise,  there 
nay  occur  an  indirect  reaction  on  the  part  of  the  cranial 
vessels  in  response  to  the  drop  in  general y arterial 

pressure  and  a direct  reaction,  which  is  the  result  of  the 
iaaediate  effect  of  the  preparation  on  the  vessels.  The 

resistographic  net hod  wakes  it  possible  to  determine  the 
direct  and  indirect  effect  of  pharaacological  substances  on 

the  vessels  [20].  When  the  volune  of  the  perfusion  systea 
was  intentionally  increased,  a "lag"  was  noted  in  the 
reaction  of  the  cerebral  vessels  to  intravenous  injection  of 
the  preparations  (Fig.  2,  4;  inter vad  /) . These  data 

indicate  the  predoniaaatly  direct  effect  of  the  acetylcholine 

and  histanine  on  the  tonus  of  intracranial  and  extracranial 


vessels. 
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The  ditect  effect  of  acetylcholine  and  histanine  on 
cranial  vessels  is  also  indicated  by  ezperiaents  with 
intracarotid  injection  of  the  preparation  in  doses  of 
0.  1-0.5  yg/kg  (14  ezperinents).  In  ezperinents  in  which 
resistography  was  used*  the  injection  of  acetylcholine  into 
the  basin  of  the  intracranial  vessels  caused  their  tonus  to 
decrease  by  33  .♦  5. 3®/o-  Here  the  resistance  of  the 

eztracranial  vessels  and  total  arterial  pressure  changed 
substantially.  The  injection  of  the  sane  doses  of 
acetylcholine  into  the  systea  of  eztracranial  vessels  caused 
an  average  decrease  of  55  ♦ 4. 7°/o  in  their  tonus.  The 

resistance  of  the  intracranial  vessels  and  total  arterial 
pressure  in  this  case  reaained  essentially  unchanged.  He 
observed  a siailar  pattern  in  intracarotid  injection  of  the 
histanine.  noticeable  here  is  the  nore  pronounced  effect  for 
the  eztracranial  vessels  as  conpared  to  the  intracranial* 
which  is  apparently  related  to  the  lower  sensitivity  of  the 
latter  to  the  studied  preparations. 

A conparison  of  the  effect  of  acetylcholine  and 
histanine  on  the  cranial  vessels  and  general  arterial 
pressure  shows  that  the  cranial  vessels  are  nore  sensitive 
to  the  histanine  than  to  the  acetylcholine*  while  there  was 
a greater  drop  in  general  arterial  pressure  uader  the 
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effect  of  acetylcholine.  The  high  degree  of  sensitivity  of 

the  vessels  of  the  brain  to  the  histaaine  is  also 

indicated  by  certain  data  in  the  literature  [ 22 , 30]. 

However,  under  the  effect  of  the  histaaine  the  cranial 

vessels  frequently  contract  after  their  original  expansion. 
Soae  authors  explain  this  pressor  reaction  by  the 
stinulating  effect  of  the  histaaine  on  the 

l 

syapathetic-adrena  1 systea  [20].  However,  for  the  vessels  of 
the  brain  this  explanation  is  not  well  founded,  since  these 
vessels  reacted  only  slightly  to  the  effect  of  sya pathetic 
nerves.  Be  know  that  the  products  of  netabolisa  (C02  and 
others)  and  also  oxygen  are  powerful  regulators  of  the 

brain*s  vessels.  The  fact  that  in  our  experinents  the  phase 
of  constriction  of  the  brain  vessels  was  nost  pronounced 
after  a sharp  increase  in  the  voluae  flew  rate  and  po2  of 
the  brain  tissue  (experinents  with  pressure  stabilisation) , 

gives  us  justification  to  explain  the  vasoconstrictor  phase 
as  the  result  of  the  change  in  the  ratio  between  C02  and 
02  in  the  brain  tissue.  In  direct  confir nation  of  this 

hypothesis  is  also  the  fact  that  with  a stabilized  voluae 

of  blood  (resistography  aethod)  the  constrictor  phase  is 
generally  absent* 

The  results  of  our  experinents  showed  that  the  decrease 
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in  general  nrtnrial  pressure  found  significant  reflection  in 
train  blood  circulation  for  the  case  of  intravenous 
injection  of  the  studied  preparations*  particularly 
acetylcholine.  This  was  apparently  one  of  the  reasons  for 
inconsistent  treatnent  of  the  effect  of  these  preparations 
on  the  vessels  of  the  brain.  He  frequently  encounter  the 
deduction  that  the  tonus  of  the  brain  vessels  changes  only 
on  the  basis  of  the  change  in  the  blood  flow  of  the 
brain  without  corresponding  stabilization  of  the  pressure  of 
the  blood  or  its  rate  of  flow.  The  sensitivity  of  the 
brain  vessels  to  systen  also  depends  on  the  type  of 
aninal.  Analysis  of  published  data  has  revealed  that  in  the 
case  of  rabbits  nost  researchers  observed  the  opposite 
reaction  - constriction  of  the  vessels  of  the  brain  in  the 
case  of  intravenous  injection  of  a histaaine. 


Conclusions 

1.  Intravenous  and  intracarotid  injection  of 
acetylcholine  and  histaaine  lower  the  tonus  of  the 
intracranial  and  extracranial . vessels;  the  extracranial 
vessels  react  to  a greater  degree. 
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2.  Changes  in  the  voluae  rate  of  cerebral  blood  flow 
depend  on  the  direct  effect  of  the  acetylcholine  and 

f 

histaaine  on  the  cerebral  vessels  and  the  general  arterial 
pressure,  which  drops  sharply  when  the  preparations  are 
injected  intravenously. 

3.  Onder  conditions  of  stabilized  pressure  in  the 
carotic  arteries,  acetylcholine  and  histaaiae  increase  the 
cerebral  blood  flow.  Here  we  often  find  a two-phase 
reaction:  an  increase  followed  by  a subseguent  decrease  in 
blood  flow,  particularly  when  the  histaaine  is  introduced. 


4.  Oxygen 

tension 

in 

the 

brain  tissues 

changes  in 

accordance  with 

blood 

flow 

in 

the  case  of 

intravenous 

injection  of  the  preparations. 
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THB  effect  of  acbtilcholine 

AND  HISTAMINE  ON  THE  TONE  OF  CEREBRAL  AND 
EXTRACRANIAL  VBS8LB8,  VOLUME  RATE  OF  THE  BRAIN 
BLOOD  CIRCULATION,  AND  OXYGEN  TENSION  IN  THE 
BRAIN  TISSUE 
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Pig.  1.  A - systea  of  vessel  ligation  in  cat(.  1,  2#  4 

cannulas  and  T-joined  for  perfusion  of  intracranial  vessels; 
3 - cannula  for  perfusion  of  extracranial  vessels;  ' 5 

branch  for  internal  naxillary  artery  which  supplies  brain; 
6-10  - extracranial  branches  of  carotic  arteries;  11 
carotid  sinus;  12  - general  carotic  artery.  B - check  for 
anastonoses  by  inclusion  of  total  carotic  (interval  £)  and 
vertebral  (interval  3L)  arteries.  Pron  top  to  botton: 
respiration  (coat  rolled) , general  arterial  pressure,  pressure 
in  systen  of  intracranial  vessels,  pressure  in  systee  of 
extracranial  vessels,  line  for  notation  of  stiauli,  tiae 
■arker  -5s. 
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Pig.  2.  Effect  of  acetylcholine  (3  pg/kg  - intravenous)  on 
tonus  of  cranial  vessels.  - froa  resistographic  data. 

Proa  top  to  bottoa:  respiration  (control) , general  arterial 
pressure,  resistograa  of  intracranial  vessels,  resist ograa  of 
extracranial  vessels  (a,  b - result  of  deliberate  increase 

ill  voluae  of  perfused  channels).  Barker  for  injection  of 
acetylcholine,  tiae  Barker  - 5 s;  1 - at  aoaent  of 

injection;  2,  3 - within  5 and  10  ainutes  after  injection 

of  preparation.  6 - froa  rheoencepbalcgraphic  data.  Proa  top 

to  bottoa:  respiration  (control),  general  arterial  pressure, 
BEG,  EKG,  tiae  Barker  - 5 s.  Barker  for  injection  of 

acetylcholine;  1 - before  injection  of  preparation;  2,  3, 

a,  5,  6 - within  1,  2,  3,  5,  and  10  ainutes  after 

injection.  KEY:  (1)  s,  (2)  Q. 
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Fig.  3.  Effect  of  acetylcholine  (3  pg/kg  - intravenous)  on 
voluae  rate  of  cerebral  blood  flow,  a - unstabilized 
pressure  in  carotic  arteries.  Fron  top  to  botton: 
respiration  (control)  * general  arterial  pressure*  pressure  in 
carotic  arteries*  volune  rate  of  blood  flow  (distance 
between  aarkers  2 mi) ; Barker  for  injection  of 
acetylcholine*  tine  Barker  - 5 s;  1 - at  aoaent  of 

injection;  2*  3 within  5 and  10  ainutes  after  injection. 

£ - for  stabilized  pressure  in  carotic  arteries.  Other 
syabotls  the  saae  as  in  i. 
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Pig.  4.  Effect  of  histaeine  (10  pg/kg  - intravenous)  on 
tonus  of  cranial  vessels,  a - fron  resistographic  data.  1 
- at  aonent  of  injection  of  histaaine;  2 and  3 - within 
5 and  10  ninutes  after  injection,  b - froa 

rheoeaceph Biographic  data.  1 - before  injection  of  histaaine 

2#  3>#  4#  5 - within  2,  5,  and  10  ainutes  after 

injection.  Other  synbols  the  sane  as  in  Fig.  2. 


A ^ {0  Sh 


m . 


ao 


a< 


1 1*"— 


i 3 


3 


1 


y 


DOC  » 0028  PAGE 

Fig.  5.  Effect  of  histaaine  (10  pg/kg  - intravenous)  on 

volnae  rate  of  cerebral  blood  flow,  a - for  unstabilized 

pressure  in  carotic  arteries.  Fron  top  to  botton:  1 - 

general  arterial  pressure,  voluae  rate  of  blood  flow, 
distance  between  Barkers  2 a <Jj  , Barker  for  injection  of 

histaaine,  tiae  Barker  -5s;  1 - at  acaent  of  injection 

of  preparation;  2,  3,  4,  5 - within  5,  10 J 20,  and  40 

ain  after  injection,  b - for  stabilized  pressure  in  carotic 
arteries.  Other  sjabols  the  sane  as  in  a ( second  curve 

froa  the  top  - stabilized  pressure  in  carotic  arteries). 
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